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What is masquerade? A wide range 
of prey animals bear an uncanny 
resemblance to inedible and often 
inanimate objects that are commonly 
found in their local environment, such 
as twigs, leaves, stones or bird-
droppings (Figure 1). In the past, this 
defensive strategy has been referred to 
by a number of terms, such as ‘special 
resemblance’, ‘procryptic resemblance’,
‘plant part mimicry’ and ‘concealing 
imitation’, but it is now widely known as 
‘masquerade’. Over the past fi ve years, 
there has been a resurgence of interest 
in this intriguing form of defense, 
and we now know that masquerade 
indeed works as suspected, by causing 
predators to misclassify prey as the 
inedible objects they resemble. 
How does masquerade differ from 
crypsis and Batesian mimicry? 
While masquerade may share some 
similarities with crypsis and Batesian 
mimicry, it is distinct from both. The 
appearance of cryptic prey makes 
them diffi cult to detect, whereas the 
appearance of masquerading prey 
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Figure 1. Masquerading organisms.
(A) Larva of the Early Thorn moth (Selenia dentar
phontes) that appears to masquerade as a bird d
masquerade as leaves that have been damaged
appears to masquerade as a dead leaf (Photo: Joensures that predators mistake them 
for inedible objects after they have 
detected them. Thus, cryptic prey 
exploit predators’ sensory processes 
whereas masquerading prey exploit 
their cognitive processes. Palatable 
Batesian mimics also exploit predators’ 
cognitive processes: their appearance 
causes predators to mistake them 
for the defended species that they 
resemble. Similarly, the presence of both 
masqueraders and Batesian mimics 
increases the rates at which predators 
attack the model species or objects. 
However, only in Batesian mimicry does 
this increase in attack rate infl uence the 
population and evolutionary dynamics of 
the model. Consequently, the selection 
pressures acting on Batesian mimics 
are likely to be very different from those 
acting on masqueraders. 
What do masquerading animals do? 
Masquerading animals have evolved 
a number of remarkable behavioural 
adaptations that appear to increase the 
chances of them being misclassifi ed. 
Many species adopt characteristic 
postures or behaviours that enhance 
their resemblance to inedible objects. 
For example, caterpillars that resemble 
twigs hold themselves at angles similar 
to those of the twigs of their host-
plant. Birds from the genus Nyctibius 
look remarkably like tree stumps, and urrent Biology 25, R635–R653, August 3, 2015 ©
ia) masquerading as a twig (Photo: John Skelhorn). 
ropping (Photo: Thomas J Hossie). (C) Variegated le
 by tunnelling insects (Photo: Simcha Lev-Yadun). (
hn Skelhorn).during the day, sit motionless with their 
beaks raised to expose necks that are 
similar in colour to tree bark. When it is 
windy, stick insects sway in a manner 
that subjectively resembles the motion 
of twigs moving in the breeze. Some 
species have taken this a step further, 
and have the ability to change their 
appearance in order to better match 
objects found in the local environment. 
Larvae of the peppered moth can 
change colour to match that of nearby 
twigs, and cuttlefi sh can change their 
appearance to resemble objects as 
distinct as seaweed and rocks. Some 
masquerading species are also known 
to select microhabitats in which they 
are most likely to fool their predators. 
Twig-like larvae of the early thorn moth 
prefer to settle on branches where 
twigs are abundant and of a similar size 
to themselves, and these decisions 
enhance their chances of survival. 
Moreover, other species are capable 
of modifying their environment to the 
same end. The orb web spider Cyclosa 
ginnaga adds a white discoid-shaped 
silk decoration to its web and positions 
itself upon it. When viewed together, the 
spider and decoration look remarkably 
like a bird dropping, and fi eld studies 
have demonstrated that these structures 
reduce the likelihood of predation. 
Intriguingly, while such behavioural 
adaptations seem widespread, functional 2015 Elsevier Ltd All rights reserved R643
(B) Larva of the Giant Swallowtail (Papilio cres-
aves of Silybum marianum that are believed to 
D) A Ghost mantis (Phyllocrania paradoxa) that 
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What are endogenous retroviruses —
backwards viruses from within? 
Endogenous retroviruses originate from 
retroviruses, which are a distinctive 
family of viruses that infect vertebrates. 
During infection, retroviruses enter host 
cells, and convert their RNA genomes to 
DNA by reverse transcription. This is in 
direct opposition to the central dogma 
of molecular biology, which states that 
the fl ow of genetic information passes 
from DNA to RNA, hence the name 
retrovirus. After reverse transcription, 
the DNA copy of the viral genome 
is integrated into the host genome, 
enabling expression of viral genes via 
the host cellular machinery to produce 
more viruses. Occasionally, integration 
occurs in a germline cell (those that 
produce sperm or eggs), allowing 
the retroviral insertion to be inherited 
by host progeny as an endogenous 
retrovirus or ‘ERV’ for short. The term 
endogenous is applied since ERVs are 
inherited in a similar manner to genes, 
residing within the host genome in every 
nucleated cell of the organism.
Retroviruses are bad news, right? 
Retroviruses can have severe effects 
on their hosts, such as AIDS resulting 
from HIV infection, or cancers caused by 
oncogenic retroviruses. However, in many 
cases retrovirus virulence is low, and this 
seems particularly so for retroviruses that 
have shared an extended coevolutionary 
relationship with a particular host. In 
such cases, long-term genetic arms 
races can result in a kind of equilibrium. 
This may explain why SIV — the simian 
retrovirus from which HIV arose — is 
less virulent in chimpanzees than HIV 
in its more recently colonised human 
hosts. On the fl ip side, this means 
that cross-species transmission of 
retroviruses can represent a signifi cant 
threat. For example, koala retrovirus 
(KoRV) is believed to have crossed 
over from a murine host only recently, 
but has spread rapidly among koala 
populations, where it is linked with 
immunodefi ciency and cancers.
Quick guideexplanations tend to be inferred 
rather than tested. Understanding 
how the appearance and behaviour of 
masqueraders coevolve promises to be 
a fruitful area for future research.
How does masquerade evolve? 
This is still an open question. A recent 
comparative morphological analysis 
of the wing patterns of Kallima 
butterfl ies revealed that the leaf-like 
wing patterns in this lineage evolved 
in a gradual manner from ancestors 
that did not resemble leaves. Whether 
this evolutionary trajectory is common 
amongst masqueraders or restricted 
to this particular example remains to 
be seen. Furthermore, there are no 
empirical data to support the idea 
that predation is the selective force 
driving the evolution of these leaf-like 
wing patterns in this lineage; or more 
generally, that small, gradual increases 
in the degree to which prey resemble 
inedible objects are suffi cient to provide 
protection from predators. There is 
however, evidence that the anti-predator 
benefi t of masquerade is frequency-
dependent. Predators are less 
motivated to search for masqueraders, 
and more likely to misclassify them, 
when masqueraders are rare in 
comparison to the inedible objects 
they resemble. This explains why 
masqueraders resemble objects that are 
common in the environment, and leads 
to the prediction that masqueraders 
would benefi t from resembling more 
than one type of object, thereby 
increasing the total number of objects 
they resemble. This could be achieved 
by possessing a more general 
resemblance to numerous objects 
simultaneously or by being polymorphic 
(e.g. individual Nemoria arizonaria 
larva resemble either oak twigs or oak 
catkins). However, the benefi t of such 
adaptations remains to be tested.
Do plants and predators use 
masquerade? It has been suggested 
that plants use two distinct forms of 
masquerade to deter herbivores: they 
can resemble non-plant items such as 
stones, or unappealing plant items such 
as dead or insect-infested leaves (Figure 
1C). There is now good evidence that 
such adaptations deter herbivores, but 
whether herbivores misclassify these 
plants as inedible objects remains 
to be seen. Similarly, predators that R644 Current Biology 25, R635–R653, Augusresemble inedible objects (Figure 1D) 
may well be misclassifi ed as these 
objects by their prey. This could lead to 
increased hunting success, and would 
be considered an example of aggressive 
masquerade. Again, this remains to be 
tested, but raises interesting questions 
about how the selective pressures 
imposed by the predators and prey of 
aggressive masqueraders interact to 
infl uence the evolution of their visual 
appearance.
Where do we go from here? I have 
discussed a few of the big unanswered 
questions about masquerade, but 
many more remain: Why do some 
masqueraders resemble inanimate 
objects more accurately than others? 
Is masquerade restricted to the visual 
domain or do animals resemble inanimate 
objects in other sensory modalities? 
Are there any costs associated with 
masquerade, and how do these infl uence 
the ecological conditions under which 
masquerade evolves? There is much 
more left to learn.
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